Introduction {#S0001}
============

CRC is the third-most commonly diagnosed malignancy and the fourth leading cause of cancer death in the world \[[1](#CIT0001)\]. In the Inuit population, the incidence of CRC has increased rapidly over the last decades, possibly reflecting a change towards a more sedentary lifestyle and energy-dense diet \[[2](#CIT0002)\]. However, it could also be a result of improved detection of CRC. In Greenland, part of the Danish Kingdom, the age-standardised incidence of CRC is slightly lower than in Denmark \[[3](#CIT0003)\]. Approximately, 20--25 patients are diagnosed with CRC annually in Greenland \[[4](#CIT0004)\].

Oncological treatment for the three most common cancers, i.e. lung-, breast -- and colorectal cancer, has been available at the national Queen Ingrid´s Hospital, Nuuk (QIH) since 2004. Treatment is provided by local specialists in Internal Medicine. The oncology unit at QIH are in regular contact with the Department of Oncology, Rigshospitalet, and receives annual fly-in visits by an oncologist from Denmark. The treatment algorithm at QIH is in accordance with Danish guidelines. The primary treatment for CRC is surgical. Patients with Stages I--III colon cancer are offered curative-intended resection. After resection, patients with Stage III or high-risk Stage II disease are offered adjuvant chemotherapy to reduce the risk of recurrence. Patients with Stage III or high-risk Stage II rectal cancer are treated with radio -- or chemoradiotherapy prior to surgery. The treatment strategy for CRC patients with non-resectable and/or Stage IV disease is palliative chemotherapy \[[5](#CIT0005)\].

Numerous aspects could potentially have a negative impact on outcome when bringing specialised treatment to Greenland. The health care system is challenged by factors such as infrastructure, limited resources, and geographical disparities in health care access \[[6](#CIT0006)\]. The population is small, divided over a huge geographical area and displays a heterogeneous health status according to region and urbanisation level \[[7](#CIT0007)\]. Geographical remoteness in Greenland is a challenge, with two thirds of the inhabitants living in smaller towns and settlements along the coastline \[[8](#CIT0008)\]. Data from a recent study in Greenland evaluating 113 CRC patients indicated that patients living on the coastline were exposed to a significant diagnostic delay compared to their counterparts in Nuuk \[[9](#CIT0009)\]. Geographical remoteness has also been shown to cause disparities in treatment patterns and outcome for cancer patients living in Australia, USA and Canada \[[10](#CIT0010)--[13](#CIT0013)\]. Globally, survival is generally better in countries with good access to specialised care \[[14](#CIT0014)\].

Bringing oncological treatment to Greenland is attractive from both a patient perspective and an economic perspective, and the Greenland national plan for cancer care and treatment recommends expansion of the field of medical oncology \[[15](#CIT0015)\]. Therefore, an evaluation of the current treatment efforts is important. The objective of this study was to evaluate patient and cancer characteristics, oncological treatment patterns and survival rates from the first 8 years of CRC treatment and to discuss outcome with reported data from CRC patients in Denmark.

Methods {#S0002}
=======

Design {#S0002-S2001}
------

Registry-based observational study.

Materials and methods {#S0002-S2002}
---------------------

The source population consisted of 56.000 inhabitants living in Greenland, approximately 90% of the population is of Inuit origin. The median life expectancy in 2012 was 67 and 72 for men and women, respectively \[[8](#CIT0008)\]. Study subjects were identified using the The Danish Pathology Data Bank at Rigshospitalet, Copenhagen. The Danish Pathology Data Bank is a national registry responsible for handling all tissue -- and cell samples obtained in both Denmark and Greenland. Study subjects were identified by a pathologist, inclusion criteria were A) Permanent address in Greenland by the time of diagnoses (identified by a Greenlandic commune code) and B) Histologically verified CRC during the period 1 August 2004 to 1 August 2012. According to the International Classification of Diseases for Oncology (ICD-O-3) \[[16](#CIT0016)\] the following histological subtypes were included in the search: adenocarcinomas, undifferentiated adenocarcinomas, mucinous adenocarcinoma, adenosquamous carcinoma, medullary carcinoma and signet ring cell carcinoma. Patients were excluded, if the pathological diagnosis was severe dysplasia without malignant transformation, or if the adenocarcinoma proved to originate from outside the colon or rectum.

In order to protect patient privacy, data regarding less than 5 cases will be censored to '\< 5'.

Medical files were obtained from QIH and following information was captured: patient demographics (age and gender), surgical pathology report (number of removed lymph nodes, biopsy from metastases or recurrence suspected tumours), imaging modalities (x-ray, ultrasound (US) or computed tomography (CT)), presence/absence of surgery for primary tumour, chemotherapy (including type and number of treatment lines), radiotherapy, and surgery for metastatic disease. Documented recurrence during a minimum follow up of 5 years was registered. Data on mortality and residency status at the time of diagnosis were provided by the Greenlandic National Registry, a registry where all Greenlandic citizens can be identified by a unique, personal identification number (CPR-number). The registry contains information on name, addresses, dates of emigration and death. The registry does not include cause of death.

Data are disused in relation to annual reports (from 2001 to 2012) published by the Danish Colorectal Cancer Group (DCCG) \[[17](#CIT0017)\].

Treatment {#S0002-S2003}
---------

Oncological treatment with chemotherapy and targeted drugs is administered at QIH, including adjuvant and palliative chemotherapy. Surgical treatment for colon cancer is performed at the Surgical Department at QIH, whereas neoadjuvant radiotherapy/chemoradiotherapy and surgical treatment of most rectal cancers are performed in Denmark. Surgery for metastatic disease (liver and lung) is performed at Rigshospitalet, Copenhagen.

Patients with Stage III and high-risk Stage II disease are offered adjuvant chemotherapy with 5-Floururacil and Leucoverin or Capecitabine and Oxaliplatin. Patients with metastatic CRC are offered palliative chemotherapy with Oxaliplatin -- and Irinotecan-based doublets with or without targeted therapy against VEGF (vascular endothelial growth factor) or EGFR (endothelial growth factor receptor). Complications during chemotherapy are treated either at QIH or at local hospitals with professional support from QIH as needed. All patients have optional phone access to the oncology unit at QIH during their cancer treatment.

Statistics {#S0002-S2004}
----------

Baseline characteristics were described as proportions for dichotomous variables, and medians with range for continuous variables. Overall survival was computed from time-to-event data counting days from diagnosis to death (event) or to 31 August 2017 (censoring). Survival curves were constructed using the method of Kaplan and Meier \[[18](#CIT0018)\]. Five-year survival was described as proportions with 95% confidence intervals (CI). The following independent variables were included: age, sex (male/female), residency: Nuuk (capital) vs. Coast (towns and settlements along the coastline outside the capital) and UICC Stages (I, II, III, IV). Multivariable Cox regression analysis was used to control for potential confounders. For all tests, p \< 0.05 was considered the level of significance. The SPSS statistical software system for Windows (SPSS version 19.0, Chicago, IL) was used for the statistical analysis

Ethics {#S0002-S2005}
------

The study was approved by the Ethical Committee of the Greenlandic National Board of Health (Project No. 2017--15504).

Results {#S0003}
=======

Demographic and clinical characteristics {#S0003-S2001}
----------------------------------------

From August 2004 to August 2012, 193 patients were identified in the histopathological databases with carcinomas with suspected origin from the colon or rectum. In total, 13 patients (7%) were excluded. Twelve due to incorrect histology diagnosis (eight patients with severe dysplasia without malignant transformation and five with adenocarcinomas from outside the colon or rectum) and one who had no hospital admission record. This left 180 for analyses. One patient was excluded from survival analyses due to missing mortality data. Patient demographics and cancer characteristics are listed in [Tables 1](#T0001) and [2](#T0002), respectively.10.1080/22423982.2018.1546069-T0001Table 1.Demographics for patients with CRC in Greenland 2004--2012. No (%)**Gender**  Female80 (45%) Male100 (55%)**Geographical location**  Nuuk51 (28%) Coastal towns129 (72%)**Median age at diagnosis**  All65 (range 28--92) Female66 (range 29--92) Male64 (range 28--88)10.1080/22423982.2018.1546069-T0002Table 2.Cancer characteristics for patients with CRC in Greenland 2004--2012. No (%)**Total number of CRC**180 (100%) Colon cancer125 (69%) Rectum cancer55 (31%)**Histopathological subtypes**(n = 180) Adenocarcinoma159 (88%) Undifferentiated carcinoma12 (7%) Mucinous adenocarcinoma6 (3%) Other\< 5**Total stage distribution**(n = 180) UICC I27 (15%) UICC II61 (34%) UICC III42 (23%) UICC IV41 (23%) Unknown stage9 (5%)**Substaging UICC III (AJCC 6. edition)**(n = 39)\* UICC IIIA (T1-2N1M0)\<5 UICC IIIB (T3-4N1M0)23 (59%) UICC IIIC (anyTN2M0)14 (36%)[^1]

The diagnostic imaging modality applied was chest x-ray and abdominal US for 99 patients (55%). 52 patients (29%) received a full CT of chest and abdomen. The remaining 29 patients (16%) received either a chest x-ray and CT of abdomen or the imaging modality was not mentioned in the medical record.

Surgical treatment {#S0003-S2002}
------------------

Of the 92 patients with colon cancer, 98% received surgical treatment in Nuuk. The majority of the 38 patients with rectal cancer was resected in Denmark (79%). Twelve patients received surgery for metastatic disease. The surgical pathology report indicated that 58% of the patients who received curatively intended resection had more than 12 lymph nodes examined.

Oncological treatment {#S0003-S2003}
---------------------

Of the 180 patients with histologically verified CRC, 92 (51%) received oncological treatment. Some patients were offered both adjuvant treatment after primary resection, and in the case of recurrence, either adjuvant treatment after surgery for metastatic disease or palliative chemotherapy. Out of 42 patients with Stage III disease, 9 patients (21 %) did not receive adjuvant treatment, either because of patient choice, comorbidity, non-resectability or lack of referral. 16 (39%) Stage IV patients received best supportive care alone. Reasons were poor performance status, early deterioration, patient choice or lack of referral. Oncological treatment characteristics and chemo -- and/or radiotherapeutics regimens are listed in [Tables 3](#T0003) and [4](#T0004), respectively.10.1080/22423982.2018.1546069-T0003Table 3.Oncological treatment characteristics for patients with CRC in Greenland 2004--2012. NoPercentage of subgroup**Adjuvant treatment (n = 50)**  UICC II (high risk)1118% of all st IIUICC III3379% of all st IIIAfter surgery for metastatic disease8 **Palliative treatment (n = 44)**  UICC IV2561% of all st IVRecurrence1946% of all with recurrence10.1080/22423982.2018.1546069-T0004Table 4.Chemo -- and/or radiotherapeutic regimens for patients with CRC in Greenland 2004--2012. No**Neoadjuvant thearpy (rectum cancer)**(n = 20) Radio -- or chemoradiotherapy20**Adjuvant treatment**(n = 50) Oxaliplatin and Capceitabine31 5-floururacil and leucoverin19**Palliative treatment**(n = 44)First-line chemotherapy44 Capecitabine and Oxaliplatin +/ -- Bevacizumab36 Other combinations8Second-line chemotherapy27 Monothearpy with Irinotecan was treatment choice for 85% of patients  Third-line chemotherapy11

Survival {#S0003-S2004}
--------

One-year survival was 82% (95% CI 76--89). Five-year survival was 49% (95% CI 42--57), 48% (95% CI 39--57) for colon cancer and 53% (95% CI 39--66) for rectum cancer.

5-year survival according to stage was 77% (95% CI 56--91) for Stage I, 77% (95% CI 65--87) for Stage II, 38% (95% CI 24--54) for Stage III and 10% (95% CI 3--23) for Stage IV disease.

Five-year survival for patients classified with unknown stage was 11% (95% CI 0--48).

Kaplan Meier curves for survival stratified by stage is presented in [Figure 1](#F0001).10.1080/22423982.2018.1546069-F0001Figure 1.Overall survival stratified by stage.

Patients with Stage IV disease had a median survival of 14 months (95% CI 9--19). 17 months (95% CI 14--20) in those receiving chemotherapy and 2 months (95% CI 0--4) in those receiving best supportive care alone.

Multivariable analysis showed that stage and age had significant independent prognostic value. There was no association between place of residence and mortality. Cox regression analyses showed a higher mortality among women than men; hazard ratio for death = 1.52 (95% CI = 1.04--2.22). This association persisted but was no longer statistically significant after adjusting for stage, age, and residence; adjusted hazard ratio for death = 1.46 (95% CI = 0.97--2.19). Chi-Square test revealed no difference in stage distribution between men and women (p = 0.407).

Cox regression analyses are presented in [Table 5](#T0005).10.1080/22423982.2018.1546069-T0005Table 5.Multivariate Cox regression analyses of patients with CRC in Greenland 2004--2012. UnadjustedAdjusted HR95% CIpHR95% CIpSex, male = 11.521.04--2.220.0311.460.97--2.190.063Residence, coast = 11.070.70--1.630.7610.850.54--1.310.486Age at diagnosis1.020.98--1.040.0761.021.00--1.040.033UICC, St I = 1      UICC II1.300.61--2.770.4941.310.6--2.730.488UICC III2.781.31--5.910.0082.781.30--5.930.008UICC IV8.373.99--17.540.0008.804.10--18.120.000Unknown6.332.23--17.890.0015.321.81--14.940.002

Kaplan--Meier curves for survival stratified by gender are presented in [Figure 2](#F0002).10.1080/22423982.2018.1546069-F0002Figure 2.Overall survival stratified by gender.

Discussion {#S0004}
==========

This observational study is the ﬁrst to examine broad patterns of CRC management in Greenland. We found that stage distribution of 15, 34, 23 and 23% for Stages I, II, III, and IV, respectively, were similar to the distribution of 14, 29, 23 and 26% seen in Denmark. Adenocarcinomas of glandular type was the most common histological subtype in both Greenland and Denmark (88% vs. 82%) \[[19](#CIT0019)\]. Our data suggest that provision of oncological treatment in Greenland was in accordance with Danish standards. A high percentage of CRC patients with Stage III disease received adjuvant therapy, 79% compared to 69% in Denmark \[[19](#CIT0019)\]. Palliative chemotherapy for metastatic CRC was initiated as often in Greenland as in Scandinavia, 61% vs. 61% received palliative treatment \[[20](#CIT0020)\]. The present study indicates that 5-year survival was similar in Greenland and Denmark for both colon cancer (48% vs. 49%) and rectum cancer (53% vs. 50%) \[[16](#CIT0016)\]. Among patients with metastatic CRC, median survival in Greenland was similar to patients in Scandinavia: 17 vs. 15.8 months for patients treated with chemotherapy and 2 vs. 2.8 months for patients receiving best supportive care alone \[[20](#CIT0020)\]. Despite a previous study in Greenland suggesting a significant diagnostic delay for patients living in remote areas outside Nuuk \[[6](#CIT0006)\], and international research reporting on significant disparities in cancer-related outcomes in rural and remote areas \[[10](#CIT0010)--[13](#CIT0013)\], we found no significant difference in stage distribution or survival rates between patients from Nuuk and patients living along the coastline outside Nuuk.

Surprisingly, 5-year survival for Stage III differed markedly between Greenland (38%) and Denmark (54%) \[[17](#CIT0017)\]. Part of this difference might be explained by under-staging due to inadequate diagnostic imaging or insufficient lymph node harvest. Only 29% in Greenland vs. 92% in Denmark (2012) received a full CT scan of chest and abdomen \[[19](#CIT0019)\]. This might be partly due to changing national guidelines during 2004--2012, featuring a transition from chest X-ray and abdominal US to chest and abdominal CT. Today it is well known that CT is more sensitive than abdominal US and chest X-ray in detection of hepatic and pulmonary CRC metastasis \[[21](#CIT0021),[22](#CIT0022)\]. Another important difference during primary staging was lymph node harvest. A minimum of 12 examined lymph nodes are recommended to obtain correct staging \[[23](#CIT0023)\] and the number of identified lymph nodes has been reported to increase overall survival \[[24](#CIT0024)\]. Of all curatively resected patients in Greenland (2004--2012) only 57% were able to meet the criteria of a minimum of 12 examined lymph nodes, in comparison this aim has been obtained by more than 75% in Denmark since 2007 \[[25](#CIT0025)\]. Both nodal status and depth of invasion for stage III CRC patients have also been reported to have a significant effect on survival \[[26](#CIT0026)\], but the distribution of sub-staging in our study did not indicate a majority of high risk stage III patients in Greenland; the distribution of Stages IIIa, IIIb and IIIc was 5, 59 and 36% compared to 6, 43, 51% in Greenland and Denmark, respectively \[[27](#CIT0027)\]. Our data indicated that the oncological treatment was less likely to account for the survival gap, since more Stage III patients in Greenland than in Denmark seemed to receive adjuvant chemotherapy (79% vs. 69%) or neoadjuvant therapy (36% vs. 28%) \[[19](#CIT0019)\]. Furthermore, adjuvant therapy for Stage III colon cancer leads to a maximal improved survival of 5--15% points \[[28](#CIT0028)\], and neoadjuvant radiotherapy for Stage III rectal cancer solely improves the risk of recurrence, not survival \[[29](#CIT0029)\]. The present study did not evaluate surgical treatment characteristics, but a previous study of 113 CRC patients in Greenland revealed no excess in surgical complications compared to international reports, and a low 30-day mortality in Greenland compared to Denmark (1.4% vs. 4.6%) \[[30](#CIT0030)\]. We found similar 1-year survival rates in Greenland and Denmark \[[19](#CIT0019)\], supporting the assumption that fatal complications during surgical or oncological treatment can be excluded as a cause of the observed difference in 5-year survival.

The tendency to a higher mortality among women in our study was not explained by factors such as geography, age difference or stage distribution. Across the world, CRC incidence patterns and mortality are comparable between men and women \[[31](#CIT0031)\]. A health disadvantage for women in Greenland has been suggested in previous research. A study evaluating diagnostic interval for 113 patients with CRC in Greenland found a longer primary care interval for women than men (70 days vs. 15 days) \[[6](#CIT0006)\], and a nationwide population survey from 2014, including 5559 Inuit Greenlanders, found higher proportions of poor self-rated health and chronic illnesses in women than in men \[[32](#CIT0032)\]. Comorbidity is known to have a major negative impact on survival after CRC \[[17](#CIT0017)\]. Hence, gender differences in chronic disease patterns and comorbidity might explain our observed difference in survival. Age and ethnicity might also be of relevance. Statistics from Korea and Japan have indicated that women over 65 years show a higher mortality and lower 5-year survival compared to their age-matched male counterparts \[[33](#CIT0033),[34](#CIT0034)\]. Further, a review from 2015 covering gender impact on CRC suggests that both genetic factors, dietary habits and socio-cultural environmental factors may attribute to a gender-specific disparity \[[35](#CIT0035)\]. A review from 2012 reports that women are more prone to right-sided colon cancer than men, associated with a poorer prognosis \[[36](#CIT0036)\]. Women have also been found to have a higher percentage of high-grade and microsatellite-unstable tumours \[[37](#CIT0037)\], and there is growing but complex evidence for an oestrogenic role in CRC, suggesting oestrogen as initially protective against CRC, but once developed might increase proliferation \[[38](#CIT0038)\].

In our study, CRC patients in Greenland were 7 years younger than in Denmark at the time of diagnosis. Median age for women and men in Greenland was 64 and 66 years, respectively, compared to 71 and 73 years in Denmark. Parts of this discrepancy might be explained by the difference in overall life expectancy in Greenland, which is almost a decade shorter than in the Nordic countries \[[39](#CIT0039)\]. Hence, a smaller proportion of the population is alive in the age group 70--80 years, which is where the highest number of cases are diagnosed in Denmark \[[19](#CIT0019)\]

No hereditary diseases patterns (i.e. familial adenomatous polyposis (FAP) and hereditary nonpolyposis colorectal cancer (HNPCC)) have yet been observed in Greenland \[[3](#CIT0003)\], however, lifestyle and nutritional risk factors may also be implicated in the observed age difference. Smoking and regular alcohol consumption are known to be associated with younger ages at the onset of CRC \[[40](#CIT0040),[41](#CIT0041)\]. Alcohol consumption in Greenland is lower than in Denmark \[[42](#CIT0042)\], but smoking is markedly higher with 66% of the adult population smoking in 2004 \[[43](#CIT0043)\]. Finally, epidemiological studies have suggested an inverse relationship between CRC and fresh vegetable and fruit consumption \[[44](#CIT0044)\]. These food products are extremely expensive and often inaccessible for people living in Greenland.

In Denmark, a national screening program for patients age 50--74 was introduced in 2014. Since then, more patients are being diagnosed at age \> 50 years. The same effect could be expected in Greenland. The possibility of a national screening program is discussed in a previously published study from 2017 \[[9](#CIT0009)\].

Since age is significantly associated with mortality, and the Greenlandic CRC patients were on average 7 years younger than Danish patients, a direct age-adjusted comparison could potentially expose a less favourable outcome for patients with CRC in Greenland.

Strengths and limitations {#S0005}
=========================

The strengths of this study were the ability to identify a complete population of persons diagnosed with CRC in Greenland. With both treatment and histopathological diagnosis being limited to each a single institution, selection bias is unlikely. We consider that data on diagnostic methods and oncological treatment are reliable. Further, the national registries of death allowed us to obtain valid and complete survival data. Our study had limitations as well. The relatively small study population decreased the statistical precision of our results, and the wide confidence intervals on survival estimated should be kept in mind before conclusions are drawn, particular regarding subgroup analyses. Further limitations were the lack of data on comorbidity, socioeconomic status and ethnicity; and limited data regarding adherence to prescribed treatment or participation in recommended follow-up. The distribution of these potential confounders might explain part of the gender -- and stage-specific survival gaps.

Conclusion {#S0006}
==========

Several aspects could potentially have a negative impact on outcome when bringing specialised cancer care to Greenland. Among others are the challenging geography, a health care system with limited resources and implications of handling specialised treatment without a resident oncologist. Nevertheless, evaluation of the first 8 years of CRC treatment in Greenland showed that stage distribution and overall 1- and 5-year survival for CRC was comparable to patients diagnosed in Denmark. Provision of oncological treatment in Greenland was in accordance with Danish standards. It is noteworthy that our data showed no geographical disadvantage for CRC patient living along the coastline outside Nuuk.

Surprisingly, a tendency towards worse outcome in women than in men warrants further investigations in women's health in Greenland. In conclusion, oncological treatment for CRC in Greenland is attractive for several reasons, and the present study documents that the current treatment effort is satisfying with outcomes comparable to CRC patients in Denmark.
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